[1] Statistical distributions of channel base currents and close magnetic fields have been investigated by using data measured during Shandong Artificially Triggering Lightning Experiment (SHATLE) from 2005 to 2009. Effects of different factors on close magnetic fields have been examined by using numerical method. Statistical results showed that return stroke peak currents varied from 5.8 kA to 45.7 kA with a geometric mean (GM) of 14.1 kA. The GM of 10-90% risetime, 30-90% risetime, and half-peak width in current waveforms were consistent with most of the results found in the literature. The magnetic fields at 60 m, based on 32 return strokes, varied from 18 mT to 148 mT with a GM of 52 mT. The peak value of the 10-90% risetime in magnetic field waveform was between 1 and 2 ms with a minimum of 0.4 ms and a maximum of 8.4 ms, covering a relatively wide range compared with other studies. The numerical modeling results showed that for larger return stroke speeds, the magnetic field peaks are larger, half-peak widths and risetimes are smaller. Effects of distance on time-variation contribution of induction and radiation components are quite different from that of return stroke speed and current risetime. With increasing the distance or current risetime, the magnetic field peak decreases, but the risetime and half-peak width increase.
Introduction
[2] Accurate characterization of close electromagnetic fields produced by lightning plays an important role in the assessment of its influence on electronic systems. Since the probability for a natural lightning to strike a given point on the Earth's surface is very low, measurement of lightning produced electromagnetic fields are difficult. The so-called rocket-and-wire triggering lightning technique is a useful tool for studying both the direct and the induced effects of lightning. In most aspects the triggered lightning is a controllable analog of natural lightning [e.g., Rakov et al., 2005; Qie et al., 2009] . Therefore close electromagnetic fields and channel base currents from triggered lightning are of considerable value. Since the first triggered lightning discharges in 1960s off the west coast of Florida [Newman et al., 1967] , the artificially triggered lightning experiments have been taken place in many regions of the world, such as in France [Fieux et al., 1975] , in the United States [e.g., Fisher et al., 1993; Hubert et al., 1984; Morris et al., 1994; Rakov et al., 1998; Rakov et al., 2005; Uman et al., 1997; Willett, 1992] , in Japan [e.g., Horii, 1982; Kito et al., 1985; Nakamura et al., 1992; Nakamura et al., 1991] , in China [e.g., Liu et al., 1994; Qie et al., 2007] , and in Brazil [e.g., Pinto et al., 2005; Saba et al., 2005] , etc. Owing to the limitation of the article pages, it is difficult to discuss each paper cited here in detail. It is worth noting that the first triggered flash over land was accomplished in France [Fieux et al., 1975] . And the United States have made a great contribution to the triggered-lightning studies.
[3] Early studies aiming at the investigation of close electromagnetic fields could be found in many papers. Rubenstein et al. [1995] analyzed the vertical electric field at 500 m and 30 m from triggered flashes and found that the leader-return stroke field waveforms appear as asymmetrical V-shaped pulses, with the bottom of the V being associated with the transition from the leader to the return stroke; Rakov et al. [1998] provided insights into the lightning discharge processes by using the synchronous data of channel base currents and electromagnetic fields at different distances from the channel. Uman et al. [2002] discussed the correlations between time derivatives of current, electric field, and magnetic field by using the triggered flash data and numerical method, and their results show that the similarity between the measured electric field, magnetic field, and current derivatives for the initial 150 ns is not due to a dominant radiation field. Statistical distributions of electric and magnetic fields and their derivatives were reported by Schoene et al. [2003a] . There are also some other papers [e.g., Crawford et al., 2001; Miki et al., 2002; Kodali et al., 2005; Schoene et al., 2003b; Leteinturier et al., 1990 ; Zhang et al., 2009] on electromagnetic fields of triggered flashes and will not be reviewed in detail. All these researchers provided a number of new insights into the various lightning processes and effects, but statistical characteristics of close magnetic fields are relatively few compared with that of electric fields and channel base currents. Moreover, studies aiming at the investigation of effects of different factors on close magnetic fields were not commonly found in the literature.
[4] The statistical distributions of close magnetic fields and channel base currents discussed here were based on data obtained in Shandong Artificially Triggering Lightning Experiment (SHATLE) experiments by using the rocket-andwire technique from 2005 to 2009. The SHATLE experiments are performed in Shandong province, which is located in eastern China and very close to the Bohai Sea [e.g., Qie et al., 2007] . This experiment has been carried out since the summer of 2005 and continued during the summer of 2006 through 2009. During the 5 years, classical and altitude triggering techniques have been used. The rockets used from 2005 to 2008 were made of steel, and specially designed rocket used in 2009 were made of composite material with better safety [Qie et al., 2010] . In this paper, statistical characteristics of close magnetic fields and channel base currents in triggered flashes are analyzed and compared with other studies in detail. In addition, effects of different factors on close magnetic fields are investigated by using numerical method.
Experiment Description
[5] Two observation sites were established during the SHATLE experiment. Site 1 (the control room) was located 60 m away from the launching site, while Site 2 (the main observation site) was located 550 m away. The instrumentations that have been used from 2005 to 2008 could be found in the work of Qie et al. [2007] . In 2009, new instruments have been used in SHATLE experiment. A current monitor with a bandwidth of 0.9 Hz to 1.5 MHz and a 0.5 mW-shunt with bandwidth of 0-3.2 MHz have been used to measure the channel base current. It should be noted that the 1.5 MHz bandwidth may affect the accuracy of the derived measurements in some extent. The current signals have been trans- mitted via ISOBE5600 fiber-optic link system which has a bandwidth of DC to 20 MHz. The ISOBE5600 system is available with individual, single channel transmitter units working with a receiver that supports up to four transmitters. Four transmitter units and one receiver have been used in the summer of 2009.
[6] The close magnetic fields at 60 m from the channel are measured by a system which includes two rectangular loops perpendicular to each other. The system was developed in 2005, and different gain antennae were designed separately in order to obtain both small and large signals in 2006. The system was calibrated in a high-voltage laboratory by using a 120 kA pulse current generator, and quantitative results were obtained. The waveforms detected by the system are very similar to the source current (see Figure 1 , adopted from Yang et al. [2008] ). The experiment was repeated many times, and similar results were obtained. With considering the fitted value of R 2 in Figures 1c and 1f , it can be concluded that the developed system works stably and reliably. Since the summer of 2006, the system has been used in artificially triggering lightning experiment and it gave very good performance (see Table 1 , and some results could also be seen in the work of Qie et al. [2009] Table 1 , the 27 return stroke currents were included in seven triggered flashes. The flash 0804 contained four return strokes but only obtained one stroke current. And the other 26 strokes were contained in six triggered flashes. Also shown in Table 1 are the close magnetic fields which could be used to infer the return stroke peak current. The current and magnetic field parameters have different sample sizes. The reason will be described below. Considering the peak current statistics, two types of data were used. One is the directly measured channel base currents (sample size 27), the other is the currents estimated from the 60 m magnetic field (these return strokes did not strike the lightning rod). Since the magnetic field antenna was located only 60 m away from the channel, the Ampere's law of magnetostatics (B = m 0 I / 2pr) has been used. The consistency between the directly measured currents and estimated ones is considered as an important indicator of the good performance of the system.
[8] Figure 2 shows the channel base current of the second return-stroke in triggered flash 0602, and the magnetic field at 60 m from the channel. The waveforms of the current and magnetic field were quite similar to each other and the estimated peak current 29.1 kA was in good agreement with the measured one 29.6 kA. Figure 3 shows the channel base current of the sixth M component in triggered flash 0902 and the magnetic field at 60 m from the channel. The waveforms of the current and magnetic field were almost the same. Relationship between the estimated peak currents and the directly measured ones was investigated, and it was found that the two were in good agreement in most of the cases, and the determination coefficient (R 2 ) of the fitted line was about 0.83 (see Figure 4) . It is not easy to get current and magnetic field data simultaneously. Some return strokes struck the lightning rod but their magnetic fields saturated, some have good magnetic field data but did not strike the lightning rod, which lead to a small sample size of synchronous current and magnetic field data in Figure 4 , even if the M components were included.
[9] The statistical distributions of current waveforms discussed here include parameters of return stroke peak current, half-peak width, 10-90% risetime (T-10), and charge transfer within 1 ms, all of which have the same definitions as Schoene's [e.g., Schoene et al., 2009] . The total stroke duration, interstroke intervals, front steepness S-10 and S-30, 30-90% risetime, and stroke action integral have the same meanings as Fisher's [e.g., Fisher et al., 1993] . The same definitions adopted as other authors' will make comparative Figure 4 . Relationships between the directly measured currents and the estimated ones from the magnetic fields at 60 m from the channel. The "est" and "dir" in the equation are abbreviations of "estimated currents" and "directly measured ones." Figure 5 . Distributions of return stroke parameters. (a) Return stroke peak currents; (b) total stroke duration; (c) return stroke half-peak widths; (d) return stroke charge transfers within 1 ms; (e) interstroke intervals; (f) return stroke action integral within 1 ms; (g) 10-90% risetime, T-10; (h) front steepness, S-10; (i) 30-90% risetime, T-30; and (j) front steepness, S-30. The sample size 27 indicates that only directly measured return stroke currents have been used. The sample size 48 and 38 indicates that both of the directly measured currents and estimated currents from magnetic fields have been used. study more reasonable. It is worth noting that only return stroke peak current and interstroke intervals contain both directly measured currents and estimated ones from magnetic fields, other parameters were obtained only from the directly measured current waveforms. The statistical histogram of these parameters have been shown in Figure 5 and compared with other studies in Table 2 . Some results from directly measured current in SHATLE 2005-2008 have been discussed by Zhao et al. [2009] . It is worth noting that the interstroke intervals were obtained from both the magnetic field and current data, while other parameters (except peak current and interstroke interval) were obtained only from directly measured currents. Consequently, the sample sizes in different plots in Figure 5 are not the same.
[10] The results showed that the return stroke peak current varied from a minimum of 5.8 kA to a maximum of 45.7 kA, which is a little larger than that of the results (a maximum of 42.3 kA and a minimum of 2.8 kA) obtained by Schoene et al. [2009] . The geometric mean (GM) of peak current was 14.1 kA, which was a little larger than most of the results Table 2 ). Up to now, the smallest directly measured peak current was 2. Figure 5 indicated that the peak value of the 10-90% risetime in current waveform was between 1 and 2 ms, consistent with most of the results found in the literature [e.g., Depasse, 1994; Schoene et al., 2009] . By comparing with other studies, the 10-90% risetime in this study covered a wide range from 0.4 to 8.4 ms. The arithmetic mean was about 2.7 ms, which was two times larger than that reported by Schoene et al. [2009] . It is worth noting that most of the directly measured channel base currents were obtained by using Rogowski coils with bandwidth of 300 Hz to 1 MHz [Qie et al., 2007] , some high-frequency signals may be limited because of the low bandwidth. On the other hand, low-frequency components in the current may not be measured properly by the Rogowski coils due to its comparatively higher low-frequency cutoff (300 Hz). Further analysis on six return strokes obtained by using shunt in 2009 showed that the maximum value of the 10-90% risetime was 1.4 ms, with their GM of 1.0 ms. Schoene et al. [2009] explained that the larger risetime may be due to the larger characteristic impedance of the struck object or to reflections of the lightning current at impedance discontinuities such as the line arrester and the line grounds or to a combination of both effects. In our case, the lightning rod is not a complete one but composes of several parts which may lead to more reflections in the conjunction points. Therefore we speculate that reflections might be the main reason for the large 10-90% risetimes. In addition, the narrow bandwidth of the instrumentation and its low upper cutoff frequency may be also responsible for the comparatively large 10-90% risetime. The readers should keep in mind of these factors when considering the risetime values in the paper.
[12] The statistical results listed in Table 2 shows that the arithmetic mean and standard deviation of half-peak width (arithmetic mean: 27.0 ms; standard deviation: 13.8 ms) were [Crawford, 1998] a Note that "Min," "Max," s, and s log stand for minimum values, maximum values, the standard deviation, and the standard deviations of the logarithm (base 10) of the parameter, respectively. Fisher et al. [1993] points out that insufficient low frequency response of the measurement will result in an underestimation of the half-peak width. Because the halfpeak width is very sensitive to errors in the measurement of peak current. Low frequency errors due to an insufficient lowfrequency response of the measurement system will affect the tail of the lightning current waveform in such a way that the current decays faster [e.g., Schoene et al., 2009 ]. This will result in an underestimation of the half-peak width. According to this theory, the smaller value of the half-peak width in this study may be due to the higher low cutoff frequency (in our case it is 300 Hz) of the measurement system. An insufficient high-frequency response typically results in underestimated current peak, which results in overestimation of the half-peak width since the width of the waveform at half-peak value is determined closer to the bottom, where the waveform is wider [Schoene et al., 2009] . Inspection of current waveforms indicates that a reduction in peak current by 20% will increase the half-peak width by about 40% [Fisher et al., 1993] . In present paper, the high cutoff frequency of the Rogowski coil is 1.5 MHz, and the shunt 3.2 MHz, both of which are much lower than that of the system used by [Schoene et al. 2009 ] (from DC to at least 10 MHz). From the above discussion, it is unknown whether our results are underestimated or overestimated. The limited number of available data may also affect the results. Therefore half-peak width statistics in this paper and in the literature should be viewed critically because of these potential problems.
[13] The charge transferred was obtained by numerically integrating the measured return stroke current over time interval of 1 ms. The GM of charge transferred was about 1.1 C, with an logarithmic standard deviation of 0.22, which are close to results of the 151 charge transfers (GM: 1.0 C, logarithmic standard deviation: 0.35) obtained by Schoene et al. [2009] . The charge transferred varied from 0.3 C to 4.2 C with an arithmetic mean of 1.2 C. In order to compare with results from other authors, the integral time was limited to 1 ms, but about 81.5% of return stroke durations were larger than this value with the maximum of 17.8 ms. If the return stroke duration was chosen as the integral time, the component of continuous current will be definitely included and the charge transferred will be much larger. Because the return stroke duration defined here is the time interval from the onset of a return stroke current to the time at which the measured current becomes indistinguishable from the noise level. The results Figure 9 . Effects of return stroke speed on magnetic fields at 60 m from the channel. show that for stroke duration much longer than 1 ms, the charge transferred during this duration will be several times larger than that in 1 ms, indicating the continuous current plays a very important role in charge transfer process. Relationships between discharge parameters show there were no correlations between peak currents, T-10, T-30, and halfpeak widths. Recently, Schoene et al. [2010] analyzed correlations between return stroke peak currents and charge transferred, showing that the determination coefficient (R 2 ) decreases with increasing duration of the charge transfer after the return stroke onset and that the correlation is the strongest for charge transfers up to a few tens of microseconds. When the duration is limited to 10 microseconds, Schoene obtained the R 2 was 0.96. In our case the R 2 was not so high, which may be due to the comparatively small sample size.
Statistical Distributions of Close Magnetic Fields
[14] Characteristics of channel base currents have been analyzed in above paragraphs in detail. In this section, statistical distributions which characterize the close electromagnetic environment of triggered flashes will be investigated based on 32 return strokes (other return strokes saturated and were not suitable for analysis). The parameters analyzed include magnetic field peak, 10-90% risetime (T-10), 30-90% risetime (T-30), and half-peak width, and their definitions are shown in Figure 6 . The statistical distributions shown in Figure 7 indicated that the magnetic field peak varied from a minimum of 18 mT to a maximum of 148 mT with an arithmetic mean of 62 mT and a GM of 52 mT (See Table 3 ). It is worth noting that the peak of 148 mT are produced by an altitude triggered flash, and its estimated peak current was about 44.4 kA, similar to the peak current of 44 kA of an altitude triggered flash obtained by Saba et al. [2005] in Brazil. The magnetic field peak value was between 30 and 50 mT.
[15] The peak value of the 10-90% magnetic field risetime was 1-2 ms with a range from 0.4 to 8.4 ms. The geometric and arithmetic means of risetimes were 2.5 and 3.2 ms, respectively, which were about four times larger than that at 5.5 and 10.3 m reported by Crawford [1998] . The 30-90% risetime varied from 0.3 to 8.0 ms, with arithmetic mean of 2.7 ms and a GM of 2 ms, which were about seven or six times larger than the corresponding values at 15 and 30 m obtained by Schoene et al. [2003a] . The arithmetic mean of magnetic field halfpeak width (T-HPW) was about 12.7 ms. Schoene et al. obtained a narrower magnetic field T-HPW compared with results reported by Crawford [1998] , and he pointed out that although the measurements were made at different distances the lower grounding resistance may be responsible for the comparatively narrower T-HPW. In our experiment, although no metal grids were buried as was done in Florida, the grounding resistance was also very low (2.3W) because of the saline-alkali soil at the experiment site. So according to Schoene's view [e.g., Schoene et al., 2003a] , the narrower T-HPW in present study may to some extent also result from the low grounding resistance.
Numerical Study of Close Magnetic Fields
[16] Statistical distributions of channel base currents and close magnetic fields have been analyzed and compared with other studies in detail in above paragraphs. Relationships between channel currents and close electromagnetic fields have been expressed analytically by different authors [e.g., Master and Uman, 1983; Thottappillil and Uman, 1993; Uman et al., 1975] . But how do different parameters, such as current risetime, return stroke speed, distance, and peak current, etc, affect close magnetic fields? In this section, effects of these factors on close magnetic fields will be examined by using numerical method. Thottappillil et al. [1997] showed that the measured close electric fields were consistent with predicted results by using Bruce-Golde (BG), Modified Transmission Line model with Linear current decay with height (MTLL), Traveling Current Source (TCS), and Diendorfer-Uman (DU) models. Thottappillil and Uman [1993] found that the transmission line model is not adequate for modeling the fields at later times after the peak. Results reported by Schoene et al. [2003b] indicated that all modeled electric fields by using transmission line model (TLM) are larger than the measured fields, and the predicted electric and magnetic fields with Traveling Current Source Model (TCSM) have a narrow spike in the rising portion of the waveforms which is not present in the measured fields. On the basis of the entirety of the testing results and mathematical simplicity, the modified transmission line model with linear current decay with height (MTLL) [e.g., Rakov and Dulzon, 1987; Thottappillil et al., 1997 ] is adopted in this paper,
where z′ is the current height in a straight and vertical channel and z′ = 0 at the channel origin, H is the length of the channel, u is the Heaviside function equal to unity for t ≥ z′/v and zero otherwise, v is the return stroke speed, and i 0 is the channel base current and is approximated by the Heidler function (F. Heidler, Traveling current source model of LEMP calculation, paper presented at 6th International Symposium on Electromagnetic Compatibility, Swiss Fed. Inst. of Technol., Zurich, 1985) and their parameter values are shown in Table 4 .
The expressions of electromagnetic fields produced by lightning are commonly found in the literature [e.g., Master and Uman, 1983; Uman et al., 1975] and are used in this paper. The expression of the magnetic field is reproduced below for convenience. where m 0 is the permeability of free space and c is the speed of light. R is the distance between the current element and the observation point p and r is a vector pointing from the origin to field point P. Figure 8a shows the directly measured current and the simulated one by using this method, suggesting the two of them were consistent. Figure 8b shows the calculated and measured magnetic fields at 60 m from the channel. Although the risetime of the measured and simulated waveforms were different, the peak values of the two were in good agreement, indicating the method used is reasonable. Effects of different factors on magnetic fields will be investigated in the following paragraphs. It should be noted that some of these quantities are model-dependent.
[17] Figure 9 shows effect of return stroke speed on magnetic fields at 60 m from the channel. The results indicate that for larger speeds, the magnetic field peak values are larger and half-peak widths and risetimes are smaller, consistent with magnetic field derivatives obtained by Schoene [2002] with Mathcad method. The magnetic field peaks and risetimes for different return stroke speeds are easy to compare, but the half peak widths are not. Therefore numerical values of half-peak widths in total magnetic field are given here and they are 6.5, 6, and 5.7 ms for v = c/3, v = c/2, and v = c, respectively. Figure 10 shows that the induction component dominates at 60 m for different return stroke speeds (this is in the case when the total magnetic field reaches the peak). The contribution of induction and radiation components to total magnetic field peaks do not depend much on assumed speed. But if we look at the time-variation contribution shown in Figure 11 , it can be found that the contribution of different components to the total magnetic field is variable. The induction component dominates at the time when the magnetic field reaches its peak but the radiation component dominates for the first 1 ms or so. At the intersection point of the two curves the contributions of the two components are equal. After that the induction component increases and radiation component decreases until the induction field dominates.
[18] Figure 12 shows different magnetic field components at different distances from the lightning channel when the return stroke speed equals to 1.5 × 10 8 m/s. With calculated magnetic field peaks at 10 and 100 m, the results indicated a distance dependence of r −0.97 , which is a little different from results (r −0.93 ) at 15 and 30 m obtained by Schoene et al. [2003a] but which is consistent with results reported by Crawford [1998] . These results suggest a distance dependence close to r −1 at close observation site, which is in agreement with theoretical predictions that the induction component dominates (see Figure 13 ) when the channel length is much larger than the observation distance, and the induction component is proportional to r −1 . At distances of 1000 m or larger, the radiation component dominates and the distance dependence at 100 and 1000 m was about r −0.38 , quite different from r −1 . At different distances the contribution of different components varies drastically with the induction field dominates within 100 m and radiation field dominates beyond 1000 m. The time variation contribution of induction and radiation components at different distances shown in Figure 14 is quite different from that shown in Figure 11 for different return stroke speeds. The results indicated that for smaller distances, the curves of time variation contribution of induction and radiation components go up and down sharply than that for larger distances. The time at which the component contributions are equal comes later at larger distances. In addition, there seems to be a turning point between 160 and [19] Figure 15 shows that for smaller current risetime the magnetic field half-peak widths and risetimes are smaller but magnetic field peak values are larger. The half-peak widths of total magnetic fields are 3, 5.5 and 7.3 ms for current risetimes 0.2, 1.2 and 2.2 ms, respectively. With increasing current risetime, the contribution of induction component becomes a slightly larger as shown in Figure 16 , but this increasing tendency becomes inconspicuous for larger current risetime. Considering the time-variation contribution of the induction and radiation component shown in Figure 17 , the time at which the equal contribution of the two components occurs later with increasing current risetime, but this tendency also becomes inconspicuous for larger current risetime (this could be seen clearly in Figures 17b and 17c) . Figures 18-20 show effect of return stroke peak current on the magnetic field induction and radiation components at 60 m from the lightning channel. With increasing the peak currents the magnetic field peak increases linearly. The numerical values of halfpeak widths in total magnetic field are 6, 5.5 and 5.4 ms for i = 10 kA, i = 20 kA, and i = 30 kA, respectively. As shown in Figures 19 and 20 , the contributions of different components do not depend on the peak current.
Conclusions
[20] The magnetic field measuring system gave good performance in SHATLE experiment since the summer of 2006. The estimated peak currents from the magnetic fields and the directly measured ones were in good agreement (the coefficient R 2 = 0.83). The newly designed rockets, new shunt for current measurement and new optical links performed well during the experiment. Statistical results of current waveforms showed that the peak currents varied from 5.8 kA to 45.7 kA with a GM of 14.1 kA, generally consistent with those reported from other triggered-lightning studies. The GM of 10-90% current risetime was 2.0 ms and the peak value of the 10-90% risetime was between 1 and 2 ms, which was consistent with most of the results in the literature [e.g., Depasse, 1994; Schoene et al., 2009] . The arithmetic mean of half-peak width was 27.0 ms with standard deviation of 13.8 ms, both of which were close to results reported by Schoene et al. [2009] (arithmetic mean: 23 ms; standard deviation: 17 ms). The GM of charge transferred within 1 ms was 1.1 C (logarithmic standard deviation: 0.22), also consistent with other studies.
[21] Statistical distributions of close magnetic field show that the GM of magnetic field peak at 60 m was 52 mT with a range from 18 to 148 mT. The magnetic field peak value was between 30 and 50 mT. The peak value of the 10-90% risetime was 1-2 ms with a minimum of 0.4 ms and a maximum of 8.4 ms. The geometric and arithmetic mean values of the risetime was 2.5 and 3.2 ms, respectively, which were about four times larger than the values at 5.5 and 10.3 m reported by Crawford [1998] . The arithmetic and geometric mean values of 30-90% risetime was about 2.7 us and 2 ms, respectively, which were about seven or six times larger than the corresponding values at 15 and 30 m obtained by Schoene et al. [2003a] . The arithmetic mean of half-peak width was 12.7 ms.
[22] Effects of return stroke speed, distance, current risetime, and peak value on magnetic field induction and radiation component have been investigated. The results show that for larger speeds, the magnetic field peak values are larger, but half-peak widths and risetimes are smaller. The contribution of induction and radiation components to total magnetic field peaks depend slightly on assumed return stroke speed and current risetime, and in general, do not depend on peak current, but depend much on the distance. Effects of distance on the time-variation contribution of induction and radiation components are quite different from that of return stroke speed and current risetime. With increasing the distance or current risetime, the magnetic field peak value decrease but the risetime and half-peak width increase.
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